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(54) Title I METHOD OF TRANSFORMING MONOCOTYLEDON 

(54) WtXD'&fo ^isfto^sen^ 

(57) Abstract 

A method of transforming monocotyledon which necessitates only a short period from the transformation to the generation 
of a plant body as compared with the conventional methods, thus reducing the frequency of occurence of mutants, and can be 
generally applied to the plant for which any system of regenerating the plant body from the protoplast has not been established, 
and in which the material to be used can be readily prepared. The method comprises transforming cultured tissues of a monocoty- 
ledon under or after dediflerentiation with a bacterium of the genus Agrobacterium containing desired genes. 
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mm 

^'yxfi/>^ij3-;vs (PEGS) , a— t< tfrtf^m^om&tobtiT 

48%. #t--T;M^A£iXT^<5 (Toriyama K. et al., 1988: Bio/Technol. 6 
: 1072-1074, Shimamoto R. et al., 1989; Nature 338:274-276, Rhodes C. A. 
etal., 1989; Science 240:204-207). L**Lfc**e>. ^(Dft&lt. 1) h 

— 2/a >&£|^&|?S]l££23ro (Zhang tf. et al., 1988; Theor. Appl. Gene 
t. 76:835-840, Datta S.R. et al., 1990; Bio/Technol. 8:736-740) . 
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_ -2- 

fcft^^ftttLjfc^-f tt<e^(GordoiH[a« W. J. et al., 1990: Plant Cell 
2:603-618, From* M.E. et al., 1990; Bio/Technol. 8:833-839, Christou P. 
et al., 1991: Bio/Technol. 9:957-962) . 

LTtt. 1) J»Si:DNA©^#«|t(Topfer R. etal., 

1989; Plant Cell 1:133-139, Ledoux L. et al., 1974 Nature 249:17-21) . 
2) TEf&^o&g (Luo and Wu 1988; Plant Mol. Biol. Rep. 6:165-), 3) 
UsKV-ASc (CabocheM. 1990; Physiol. Plant. 79:173-176, Gad A. E. et 
al., 1990:177-183)^4) * U4 **J***, a> & (Neuhaus G. et al., 
1987; Theor. Appl. Genet. 75:30-36) £K«sitj0)*b*. SSft, & 

^l»©*l:lbft, **»»Ctt*4L*v*fc3;tiT^* (De Cleene M. 
1976; Bot. Rev. 42:389-466). 

7 * n j %9 ^ y * A j. ft fc H L T 14 7 * / < 7 *f X (By 

tebier B. et al. f 1987: Proc. Natl. Acad. Sci. USA: 84: 5345-5349), fUT 
tA ( Di <>scorea bulbifera) (Schaferw, et al. , 1987; Nature 327: 529-532) T' 

£fc<^£*iT^<5 (Potrykus I. 1990; Bio/Technol. 8:535-543) . 

Grimsley et al. 1987: Nature 325: 177-179(47 ^OA*^ V 9 A£>T- DN 
AcD^-h^an^HJ-**^* (Maize streak virus) ODNA^ 
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Ltzm&M*)M< (Grimsley et al., 1988; Bio/Technol. 6:185-189), ffiffefc 
IJ7^0A^r'J-)A©77^^ h*<Dvirmfc?AWmT'&ZZ£t:ixLtz (Gr 
imsley et al., Mol. Gen. Genet. 217:309-316). 
Gould J. et al. (1991; Plant Physiol. 95:426-434) It h 9 =e □ u t/(T>WM. 

Mooney P.A. et al., (1991; Plant Cell, Tissue, Organ Culture 25:209-21 

Sitt t Sfc *i * * ^ a $$ l & z<Djifrxfrt><D uyaftcong. it x 1 % a> 

Raineri et al. (1990; Bio/Technol. 8:33-38) (i-f *0)E«£«fc-Dl*fcfe 
. Sft^ffittOTf n^^fU fM2 8 1 (pTiBo542) Jac8aii;j5llL 

tztzz* h#bs, M&5^(D2ff a mvmm&<Dim<Dmteifi!iie>titz. sf,c 

» T-DNA^t>/iN;i/=E>^ite^^^VN^T i y^x^ Ku*-^v-rs/>s 

* OE t 2£S L it £ z 5 * ± v -f S/ >&*n;tt# ;u x ©if JitfSjl t> ft . z ©ffitt 
tt*^*ettGU S&fc^omWUito t> titzAK lix 

#A£ft££:8?^LX^£ 0 

j6«. #3Sffi, &A3&^ % ^b{c(i3t{5T-(D^A(Dlit|g(;o^xt)^^(;^ 
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^-Ctate&SrsnLTV&fcti^JS^ (Potrykus I. 1990; Bio/Technol. 8:5 
35-543) . 

,>-J^D3j/|:^LTIt &R;ftJl&8fcm*Sw ft t^S (Gould 

J.'etal., 1991). 1>U *ft^«:#«61-*#|g(i# < £g U 
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nif . -fipo -r .* o as© i -5 iz-sgmtmmtt &m iz *> us ^wmx- m.^? * mx 
ftoasij* * mm* tut. § ^^ciAsw^^nsiM 

KpT0K2 3 2©iMa^it@T?$.5. 

>^<D»^H»!S:=&^ fcg&Tfg^T * c i- J: y It S> Jva # ;i>* 
T*oTt>j:<, ESL IE *&E. £»&#&*#©%©& 

LXR^&Z LV\ fl&4Hfc&&i&jfe(± ^ ©#©l-fc^ 
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XffiftlT'&V. #Jx.{£N6igi£ (Chu C.C. 1987; Proc. Symp. Plant Tissue Cu 
lture, Science Press Peking, pp.43-50)©±5&(8££&tf kf 9 K yMlZ 2 m 
g/\ 2, 4-D, lg/l*1f$ya. 3 0g/lJ/ 3 8, 2g/l^;i/7 
hi^JlIILfcWtfLS^ (Linsmaier, E., and Skoog, F. 1965; Physi 
ol. Plant 18:100-127) <Dfm&RT}\Z * K >Miz 1 0 0 m g/ 1 ifrlf ^ j ®, 
7 0 0mg/iyniJ>, 1. 5mg/l 2, 4-D. 2 0g/li/ai, 2 
. 3 g/1 hSttLfcWi^^S^^^tS. fc-ofcfc, 

bacterium tumefaciens fi3fctf)T i KcO ;U (vir 

S#©DNAffi«*£tM?**-&#LTfey, *t#JK#-£L £t ZWMZ 

K«f»fc#£U ffiM»*.$£J: »J T i y^JU K*Kin vi^T*f ASftSfc 
<DU&Z>. £tz, *0M^b{±» fled, Agrobacterium tumefaciens A281£i^ 
■53fel^®ttO» ^giS&»#8itf>TitS^#c (Hood E.E. et al., 1984; Bio/Te 
chnol. 2:702-709, Hood E.E. et al., 1986; J. Bacterid. . 168:1283-1290, R 
omari T. et al., 1986; J. Bacteriol. 166:88-94, Jin S. et al., 1987; J. 
Bacterid. 169:4417-4425, Komari T. 1989; Plant Science 60:223-229 ATCC3 
7394) {-•^StlST i zfvXS Kp T i B o 5 4 2 (Jin S. et al., 1987: J. 
Bacteriol. 169:4417-4425) ©9V ;UU > (vir 6*©DNA^ 
t'kti^W— (^TO^-fc^T. Zoloft — £ rx-M— ^£ 
*-J tBf*c:i:A«*S) fc§B38Ljfc (W4-2 2 2 52 7f) . d<A«fc? 

ftx-^-^w x y * (cfc ^xftt L < ffl^ t &x* £ -5. 

C(D«t-5 55c7.-^-/W^-y-^^^-<7)Mi: LTpT0K162 ($#g§;p4- 2 2 
2 5 2 7 # v Efc#f$#fjF&§SSS 5 0 4 8 6 9^, #H?#?r{fJfiSg 0 7/8 5 4, 8 
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ailg^tf Agrobacteriuin tumefaciens ^Trif ^RjtgTrfe £pT0K154 t. Bflf t%2> y 
K (T i zf^XS. FfrhffimZtitz&tanpGMlZy^Ts $ KfcpVOUOl £ 

^±1315, 2*n^-*©Kpnl»fM\(virB, virG, virC&5t£^£-£ft) fcffl 

dtf)pT0K154 £(± % T«tf) 2 o<Dig#g2#l£: ^©Fe0» 

HPT A-f ^Dv-f ^>ffifiif£jSfi^ 
NPT 

TC rh^INf dMJi/ffiffi&Hte? 

I G ' -r y V n>GU S3te^ 
BR T-DNA©:&jK— gaai 
BL T-DNAwS/K-^-Sa^J 

virB, C, G at3SMtt7^0^^^y 8 1 »v i 

OR I ColEl«M 
COS 7A^77-S?«)COSg|!(i 
K 0JRS«K P n I gpfir 

H .fgllBB&H i ndlll ffiffi 

^3Ka«t-ffll*at)"5i:'r*HlfS©5ttg : ftt, ±12:/ 5 K©T{g«*<Z) 

PT0K162 ©J: -5 t. XmT'£rm<DMm%M<L$:&'Olb<Dl±. m%<D-9~? 0 □ — -1/ 

rv^m-v &mm <d d n a t « w k $ a -r * z * a«&-f u §s x* « & ^ ~ 

£/6 s £>&<, d (D ct "5 ^^fn(; (i, Agrobacterium tumefaciens #ffliiSf*3GDin vivo 
%-Q(D^nn,7L (Herrera-Estrella L. et al.. 1983; EMBO J. 2:987-995, II 
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orsch R.H. et al., 1984; Science 223:496-498) Z£{z£.*), g^J 

<DDNA£ P T0K162 {zmXt S d £ ^|g(-&S. ft-f. pT 

0K162 fr Agrobacterium tumefaciens C&A LTfcl^T, Z(D^lzZ btCftfgD 
NA*gALfcpBR322£:tM;ft,£:7 , 7 7 > S K KSr^t?) &3IA 

T£. PT0K162 WDNAH(±pBR322i:|@iI^»^^©T', pBR322g§g#tifg 
HB3MStfLfcffl*&AfcJ:.iJpT0K162 K3lfi*£S*V5 £ £ K&<5. P BR322(ipT 
0K162 £ ^& Q Agrobacteri urn tumefaciens «£TliJfcSI|T»£<c^©T?, :<DJ;^ 
fc*a*ii**lfc#8l ( P T0K162::pBR322 g§g#^-5) -efcttft tf Agrobacteri u 
m tumefaciens rf*T-£#-f -5 d £ V\ *LT. P T0K162 fcpBR322g§S|# 

<0**i^*U::ftJ|«Jfcf#tt (Slfflfiftt^) Jiwrgftf-fltf. P T0K162::pBR32 
2 jj%^&£^rl'5 Agrobacteriuni tumefaciens t^flS. $t>{l, pT 

0R162 £<|ffr5 Agrobacteriuia tumefaciens X ^ K£3lSALT$Jf25 

Lfci:c:3. pBR322g|TO(D^Sv-^-i:LT(±, h 5>*jK7>Tn 7 (De 
GreveH.H. etal., 1981; Plasmid 6:235-248 ) &&<D 7*-*9 J 4 S/>M& 

R322l:?p-Wfc£nT^£i§£fil±. S Pit£^ 7 X 4 Kl:#At*t 

If. Agrobacteri um tumefaciens f*3£>*g|5|$&&;L £ «fc U , pT0K162 (DT^dR/f 
a<D3ftfi^S:»Afawi:*<Tt5. $fc pBR322&&0) D N 

PT0K162 ±l=fc^T. **Y*:>>ffitt$tE^fcffig<D$ifi^fcgt|*®T 

ffl^tgaan-scfct^rffiT**. ^v-f lt*s$&& 
sot?. @^jt^(D^A(i+^5i^-e^s„ mT$%m&M* (D%i&mz 
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to*4*Aax-hm.&m&m*AVB%<Dm®l&%mm&&¥*£*&ffZz 

$±i:/^7^PA^f U fASili: LTii, ftlzMMZ titt^iK Agroba 
cterium tumefaciens L < Ri l^-S r 

^5 7. Kfr Agrobacterium tumefaciens ^T^'DA'i'fiJ ^ AM^fflMt-^l 

a G. et al., 1980; Proc. Natl. Acad. Sci. USA 77:7347-7351) IzZVfftZ 
wOi^lcLTBSIjts^ST^nA^xU^AjRaiSfttt, P T0K162 *3fe<D? 

7 a* * 5- y i) &mmm z * t «* y d t *<t? & 

v>%m%w t-7 7nrt?Tvv&mmm*muLT&fti%mt?>z\iiiz£t)]&M 

w.^-iJ-RU7^n^^v-v^^mmm{zMr^m.^mn^mMLtz^mx^ 

M&ltzMMXim'mt&ftinJsmzj: *)mfr<bl%m*ftt)ZttfX'2Z>. z 
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(i) &&&mim<Dm 

(i) 4 *<D3M 

(ii) E^, Efi.*^^. 

-f 7 0%ij;-;H:im 1 h U * Atz 3 

0^fMt^li:i:j;-3t?i#Lfct; 2N6 Sftigife (N6«ISif 
tf#3>3i(Chu C.C. 1978; Proc. Symp. Plant Tissue Culture, Science Pres 
s Peking, pp. 43-50) , 1 1 #1f 5 ® % . 2 m g/ 1 2,4-D, 3 0g/l*/ 

ttfcteffifi*©#/UXS: 2N 4~ 7 Hg3fiLfc;&;l/X&&iiE# 

(iii) milM^ 

NeciSiigiR^f^ N6tr^^>s, 1 g/ 1 #if ^ yg^ 20 

(iii) ;©*ffi*e»fc«J*IW#*>f,a^fiOftjiSgp& 5~ 1 OmmfcJJUffiLTtf 
^ttLfc. zme>©«lffi^2N6H#«a±T?l||2jaifiIigSILT^fc*;U 

(v) mnmmm 

(ii)©irffiT#*:Effi**0*^^feAAaff:«% (AAigiiSI, AAT ^ 
y'^S.t/AAtr^ ^>M(Toriyama and Hinata 1985; Plant Science 41:179-183, 
MSlSttI (Murashige and Skoog 1962; Physiol. Plant. 15:473-497) , 0. 
5 g/1 tfifSygL lmg/1 2,4-D , 0.2 ng/l*-f 0. 1 mg/l^U 

U>, 2 0g/li/ai) l:iL, 2 5°C, Bf^Ttr 1 2 0 r pmt'Iit^: 
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(2) Ti7'5^U' (;W:MJ-X?*-) 
;W ^ov-f is^mU'&.Tkfc* (HPT) RVp-D-7;V2 n-?— tf (G 

(i) pIG121 Hm:bv©^^5— ifjfiG^OT^ W^hn>=&-^tfGUSitfi^i: 
. ^-Y^P^-f S/>ffifitf£fifi^fcj£BLfc^7^^ K (Wt>, 199 1 ; Jg 
ft^W^T^ ni?-II (JSWb^im pp. 123-132) , 4>*fR«fc. 
•JA¥) . 

(ii) pTOK2 3 2 : 
K 2 2 9^CD^A 

Tn TfiJfeOX^^y' v-f S/>StnCttfie^&^tfC lali^ (2. 5 k 
b) &2 W-&«»::J:*J*$g*¥?&ffcU' ^Ji&pUC 19(DSma I fiPfit 

TOK107 (5. 2kb) pTOKl 0 7 5: E c oR I". Hindll 

I TtfmL. ^^^;?-f ^ 2. 5kb»r#fcpGA4 
8 2fflEcoRI. H i n d III »?# (2. 7kb) fcjfigU ^^;7-f 
S^ffitrtttitef^H i n d III % Hp a IgPftSr^fr pTOK 1 7 0 (5. 2 
k b) Zfttz. 

j^L/c^^^-p I G2 2 1 (Ohta S. et al., 1990; Plant Cell Physiol. 31 
: 805-813, «k £ E c o R I T*§J®?&? by -M(c«t 

*J«£¥?frt:LH i ndlll D>73- (pCAAGCTTG ; 
K4 6 6 0 P) fcjfALfc. 3 5 S ^nt-^-R^ > h n>GU S Jritfi 
tfSrHindlll t«k «J©»J-fflL, 3 5 S -ju^- $-\zj\>( J 
ttit^ffc^Lfc^XS KpGL2 (J. Paszkowski, Friedrich Mieocher 
Institute «t iJAf) WH i n d III nP(5nf$A LpGL 2 - I G ( 7 . 6 k b 
) £&tz. pGL2li P DH51 (Pietrazak et al. , 1986; Nucleic Ac 

ids Research 14:5857-5868) (;y\-f ^P v ^JgffiteJ&fc^Gritz L. and Da 
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vis J. 1983; Gene 25: 179-188) £Jf ALfctfl)T?*S. pTOK170^H P 
aIi5Ilt#b^ll^^pGL2-IG(DPvuITO (5. 2kb) 
^lpTOK2 2 9 ( 1 0. lkb) *&tz. 
2) /W^-y-^^ # — p T O K 1 6 2^(DmX 

*?$-lZ%>ffim&T7zuS?f-V 8 1 &3fc<Dv i rB, 

vi rC, vi r GSt£^fc}fALT#*:X — A— /^t'J- ^£2-p TOK 
1 6 2^(DB#)it£^ (/W ^Dv-f 2>'>ffi$Sf£»&? % ^>hn>GUS3te 

(Bll#fia) . 

(3) fiT^D/^f'Jn 

t-dna mmznmLtzm&, iMma:m\oi£ik%±A? t-vt tLxm® 

Ltz. LBA4404li^;W<-:/7 7^ K ( vir«#fc^±&JgT?#o) PAL4404S: 
^I-^^T^U, American Type Culture Col letion «t »J A#RTtg"e£>£ (A 
TCC 37 3 49). EHAlOlti^WS-T^X ^ Ktf) vir««*«5ft«fitt7^ 
n/<?ry 9AA28ifi*-C*y, Hood E. E. et al. 1986tf»S> 

(2) ^T?^^a*(DA^^y-^^^-=&zti,t>2a^©T^pA^xy »> 

^ n A*^ f U ACi A t ^ (Ditta G. et al. 1980 
; Proc. Natl. Acad. Sci. USA 77: 7347-735 l)(z <fc -d fc. 

LBA4404(pT0K232) 

LBA4404(pIG121Hm) 

EHA101 (pIG121Hm) 

(4) T^OA^xU 9 A®^?£©MI 

/W ^nv-f i/>(50 yttg/ml) ii^xv-f S/>(50 ^g/ml) £-g-&ABtgi&( Dr 



WO 94/00977 



PCT/JP93/00925 



lica K. A. and Kado C. I. 1974; Proc. Natl Acad. Sci. USA 71:3677-3681) 
±T 3 -100 |g|jg$ L tz 7 7 uX V •? AC u a £ fi^^t £ *J , ft 

iEAA^fJfi (mfftCDAAigifcl-fc^T, S/a«fe0.2M, ^3-x*0.2M(=3EJ|L. 

7-fe r->y yn*>i 100 ^ M pH5.2)t®«L, 3-5x109 ffijg 

(5) W&ikft 

±^(D7^D^f U 7 AoJBJHJfcn 3~10#fl9 
JSmLfe. }g3tMJl&. SUffiMti 100// M T-bhi/y>rf>, 10g/l 
X, 20g /l*a«*£tfN6S3H#i&«l(l/2 N6 N6ftft£$L N6 

tf^^>^ Chu C.C.1878. AA7 ^ J SKToriyama and Hinata 1985), 1 g/\ 
iJlf $J & 0.2 mg/1 NAA, 1.0 ng/I*-f 3g/lT>7-f h) E 

* &Si£&« 250 ng/1 -fc 7 * * **A&£fc«»#T?8ii*U Mflf©-fe7* 

(6) GUSSfe©iBa6*» 

*#«il&Saft, 0. IX Triton X-100 fc£fr0.1 M'J>IW (p 

H 6.8) U 3 7°CT'l^TOfiLfc. U >»8ar«"T?7#n^r U 7 A 
fciSSsiWfcafeLfcSL 0.1 mM 5-7n=E-4-^Dn-3--f>Kij)i,-^- 
D — 7)]/ n >ft (X-g luc) Stf2 0%^;-;v^ V 5r » L 

. 3 7TCT?2 4«p|BftiaLfcft, *fe©Sfefc**^*0fc«TT?««U' ft 

6n«tlft#-e©GUSgttoflIStlRtTa:. £$3tU ft$ 

(7) ^K£3fMffll& &&<D£& 

(i) 

5 BriT^DA^fy^i^iL/cIM^HSO ng/ 1 -fe -7 * * * 2/ A 
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^t l N6 S 3«fJfi-C2 31BI««L. Lfc£JIifi»fc 4 0 m g / 1 y\-f 
(ii) EM 

3 BISI*#^f3tLfcESS«: 2 50mg/l */7* 2 N 6 Jg*in?'l 

iSKSItLfcft, 5 0 mg/l v-f-S/>fc^fc 2 N 6 *ga*ejg3C<K&8B 

(iii) ggffitt (K«*^) 

3 HH##i&a6Lfcig£|&f&fc, 2 5 Omg/ 1 -fe 7 * * A 2 N 6 

n 6 jg*&-e 3 gftgfg LTyN^^nv^i/ >figitto«iiia3a l ^ ( 1 & 

MS) .' #b*lfcffifiif£fflJSS:* b(c5 0 mg/ 1 y\-f #U V-f ^>£^-frN 6 

- 1 2%% N6 tr*$>»» 2 g/rairsyft. 0.2 m g/i 2 

,4-D, 0.5 mg/1 6BA, 5mg/l ABA, 3 0 g / 1 V )VM V — ;w 2 0 
g/lS/H«. 2 g/ 1 y;i/5-f h) T?2~3aHHS*IL ( 2 . ccDfg 

Jfe±-eif$SL/i#;i/7>& 0. 2 0, 5 0-mg/l ;W^nv-f S/i/£-£tJ<Hft:|| 
4ffiS16N6 S3t^Lfc. fcfc, «M»»liiT2 5 0mg/lt 

(iv) 

5 BH8&$«§£Lfefiffi£«ttijB& 2 5 Omg/ 1 Hz? 2 N 6 

«%t?'l3ara«filtfc'ft» 5 0 m g/l/W^nv-f 2 N6i§ifcT^ 

(8) J^H«5ift»Clfi:f^(:feitSSAae : ?-Ol63i 
^S^gl^TOtDa^^ 7 Omg/IvW ^DT-T 4 0 Of&sfc-v-f #ft] 
*3*?S»*t»aa. 2 5°CT'l 0 R»3IU ^-f^rav-f 2/>Stfitt*iiS 
Lfc. £tz, MnU&Knttnm? £&2 O^^IIL. *?!3 5SIS&0#2&»ib 

(9) 1fif>^(ickS^Aata^^ 

SM. fB<&3£. R(Dft(DW^&mW%mz^^T. (Komari et al 

., 1989; Theoretical and Applied Genetics 77:547-552) D N A fcMliiJ 
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U SlttiLfcDNA{z«IISfiS^Hindni*&3lU H PTfcfc^fcyn— 7fc L. 

£*££tHlindin#rtt<Z):R${±, ft 5.5 Kb T?*U. :©«*©T-DNA.©rt 
$ ©HindU^ h*»€>L#-^-BB^©*jg*T?«)DNA««(OftStt, ft 5.4 
Kb (11) . fcfcv -9-tf>^lzotNT(iMolecular Cloning (Sambrook 

et al. 1989; Cold Spring Harbor Laboratory Press ) {cfS^C07a^li^oT 
frofc. " 0$Kfi&&tl:ft02 3RiEfc^T. GUSBft. G 

US Sift, A^n70>g»»&2i^oMU Ettfc^ScU: 

( 10) * * -e©««^»©3t K <fc 5 «A»JfK (##ig$t& iifeit^GUS 

o i t^^^Pv-rs/^fijfettateT^Gusae^^o^-r x-.u-^^^- 

pIG121Hm (±3£) Sr'^Atfellir-r *aa^03toa*CDfi«gl-^!iaL, £#ig 

aiacGusgfttHacL*:. ttttflaass. em, ks 

^ x i , no^«T?'fe*fe©Gus»3a«:^-r'bottB«)6*i<c*»-3fc. -tj. 7^ 

DA^f'JfAEHAlOl ( P IG12lHm) fiIL/:|^l:lt ttSi|<|l 

T * GUS « awe *o& izm+ s *fe % mi-* «a»©«^ t? t* 
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i mttfivm. ^ s g u smu^D^im <sm •. nam 



mm. 


GUS+®^«/«am (96) 


GUS8figKta)*:£$ 






m 


0/3 0 (0) 


1 09/1 57 (6 9) 


+++ 




0/2 0 (0) 


0/3 0 (0) 






0/3 0 (0) 


24/1 15 (2 1) 






0/5 0 (0) 


8/8 9 (9) 


+ 




0/14 1 (0) 


3 1 2/3 9 5 (7 9) 


+++ 




0/2 3 2 (0) 


6 1/24 7 (25) 


++ 



+ : 1%&CT, ++ : 1-1 0%> + + + : 1 0%Rh 
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:©$MfflLfc;Wty-^^- P IGl 2 1 Hm-eiiGusie^ 

^©«BO'f'-T?ttGUSJte^H:»*L4^z4:*q«Ba*iT^S 1 
9 9 1). tt±0:i:i»6, *#«««<OGUSJtfi^o»*fcffiakLfc»^ 

Z.tHZ#%lzmfflZtiZ> m Ztit><DZ£frt>. Gould et al. (1991) tiy'ff 
Jfc. Raineri et al. (1990) ©^ffitftvx, LT fc 
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2 mt&unam^ iz^z M^urnm & «t -ammo mmmm 









ME 


mm 

ESS 


0/ 20 (0) 
0/ 30 (0) 
0/ 5 0 (0) 
0/2 5 0 (0) 


0/ 77 (0) 
0/128 (0) 
1 6 9/7 4 3 (2 3) 
2 2/2 5 4 ( 9) 



( 12) J * <D iz <fc £ 5t£^39 AS* #S0jlft ^ (&1?%m®. CfeIHGUS f&m) 



<S> (Mikami and Kinoshita 1988: Plant Cell Tissue Organ Cult. 12:311-314) 

, TPuXVtV -JAt LTteEHA 1 0 1 ( P IG121Hm) &1>*L B A 4 4 0 4 ( 
P IG121Hm) 

3ft* UT*{±ZtiJ; »J{£^^T-GUSSft^*b>/c (^3) . ftoT. E 
HA10 1 (pIG121Hm). feS^tiL BA4 4 0 4 (pIG121Hm) V^*§-&ll(± 
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ex. \7o) 








m % 






m 


LBA4404(pIC121Hm) 


EHA101(plG12Mn) 


LBA4404(pT0K232) 




i 


6 7/7 0 (9 6) 


7 8/8 7 (9 0) 


64/66 (9 7) 




2 


72/8 6 (84)' 


6 8/7 3 (9 3) 


82/82 (1 00) 




1 


4 6/1 35 (34) 


4 3/1 1 6 (3 7) 


1 24/1 3 1 (95) 




2 


28/1 07 (26) 


8 1/14 3 (5 7) 


1 02/1 03 (99) 
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5GUSM) 

E HA 1 0 1 ( P IG121Hm) IfsjUA-zfy^S. KK&Jpffl&T A? 7- ij ^ 
A A 2 8 1 i Tffl&ZW-o. LBA4 4 04 (pIG121Hm) ltm%<Dv i 

LBA44 04 (pT0K232)(±^;w<--/5 7. S K<E> v i r ffi$ 
liMTSS^ 'W±y-^*-lz^iM£7^oA£xy ^AA2 8 1 
©v i r^««3— SPflaJfte-dFSr^-f*.- f LT, Z ^- 'J — * — (ipTOK 

162 ^bM^Lfc^CDT. LBA4404 (pT0U62)ltM^mW^}<D^X^M'M. 
fi»©S.lt<!:*i«fttt8ia&Til5*-e^JCteJfefe^riBi:Lfe (Saito Y. et al., 1 
992; Theor. Appl. Genet. 83:679-683). Z<D£?{z x gg^JSttOv i rffii&O) 

£. 3fc^JBH£0)v i r$t£*KBBLT&fc<5±iB03»3S07? , n<K* 

^UfrAfcJB^T, GUS«.e : PO»mtcB8-r<5»AS6*%it«L>i:.. ait,\ {* 

Mffflv i ri«^ft^LBA44-04 ( P IGI21Hm) Tf.fcPiMi: 

^ofe. a^-^5X$ KHSSDSKttOv i r £&oEHA 1 0 1 ( P IG121Hm 

i r^oLBA4404 (pT0K232)-etin S/fc: * yi?*^©3fci:I^St 9 5 % 
^±(D»GUSgl4^feb^ '($3) . *6t, GUSjSffiSSm 
**iOiffl»'e©#fe!S«©ffia(=B8LTtt, LBA44 04 (pT0K232)l?ft%^: 

;UXOfB3R$(zgSL"CI±LBA4 4 0 4 (pT0K232) < , .gjft&jb;!,*-© 
3ta^i-^1-SaffiSIIM(±S«>bti**^fc (£4) . LBA44.04 (pIGl 
21Hm) *5WiEHA10 1 (p.IG121Hm) (D2^«T'lt Sft^(i<S<', $ 
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4 T?v;<tTi)VA<DW&<mwz£Zim!m$m<D&^ am*^*) 













oaS 




LBA4404(pIG121Hm) 


EHA101(pIG121HnO 


LBA4404(pT0K232) 




1 


9 1/338 (27) 


1 3 9/3 0 1 (4 6) 


1 6 9/305 (55) 




2 


59/42 1 (1 4) 


6 6/4 2 5 (1 6) 


1 1 0/360 (3 1) 


J3«Wfc 


3 




1 0/5 2 1 ( 2) 


1 7 4/6 4 4 ( 27) 




4 




2 0/3 4 9 ( 6) 


1 00/349 (29) 


3 >k*> 'J 


1 


6/2 6 9 ( 2) 




6 5/2 8 3 (2 3) 
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GU SJI£-?<Df§gt 












1 


2 6 


2 5 


1 


0 


2 


8 


7 


1 


0 
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^6 ^nv-rs/>Sffttt*;i/^*^fi^bLfctt[«tfeit*GUS 

atavism (&m: n<»%) 





















GUSUft 


LBA4404(pIG121Hm) 


3 


1 


i 


EHA101(pIG121Hm) 


2 0 


1 7 


1 0 


LBA4404(pTOR232) 


2 0 


1 5 


1 2 



7 /W ^nv-ri/>®fetf±^;vx^6#^fcL/cli^Jl-fclt-2)GUS 
it£-?<Df§J& (£3 : IB©*) 





















GUS|» 


LBA4404(pIG121Hm) 


1 9 


5 


3 


EHA101( P IG121Hm) 


l l 


4 


1 


LBA4404( P T0K232) 


1.9 


1 1 


1 1 



WO 94/00977 PCI7JP93/00925 

( 1 6) JBHl5lfe#©te»ttfc£tra^Stt 

( 1 7) ^He»Sftfe«ti;»lB:^tt5it§»Aaifi^©l63Si:^«f 
?^SISftffO±DNAS:Hindnn?§J»fLfcDNA»f^t»LT, HPT&fc^fc 

(*8, $9) . KPT0K232 ©tfT'ttH P T&£-?$:£ifHindIII$r 

tffcfc 5.5 Kb T?&S©(-ftU &»Lfct*T©JgKe»#Ul±, ^ 6 Kb &± 

££gtftt5%©-t?£>£. tftl&3ftfcDNA|ff#©£3:otfflfrTf#*&fc 
*©•(?*•;, iMTO/^f'J 7©S#KJ:S*©T?J±fc^zfc3<anB3:h, 
JB«tfc»fc1ifc ttfitt© a ^ d v >r ^ > Jgfttt & BIME L tz t c 5 , *f JRSS© 

a-?T?tt. a* l < \mw&<D%.mmL < m^zfttz 

A (*8, $9) . :^b.(DA^D7-f *>fiStttffl#l±, GUSitfc 

©ft" ©}££&&$& 1 - 2 <fctf 3 - 2 li, 4HKJfc*£ 2B^±©|?;ua£ 
*©#£a*JftM£*i£;&>\ 1Mf>»«r©^t,2 H^StKiSteLT^fc. £8 
©2-l©^^»TJ±, 2nt:-©SA3ft^©^^5SBL*:*J. ^© 
^%©-*©A>Kl± 5 Kb J:US^»f^T*»J. T-DNA^i^T-ffl 
*3i*iifc=&©^aia!S*iS. ft-sT. dOSfttt&ffiftTrA-f $rDv-rs/>jg 
Siftlzo^T 1 B^©#St£^Lfcti©£#;Lb;h,3. 
^9W £©#" ©JgfH£ft^ig5©# < fcUfcft-lfA-f ^nv^S/>^ 
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XflnV-X-b-otc 1 6 c0fc18:ft2aMggfco^T, GUSBtt, GUSKft, 
: 2 ae-omcAae^fc^o^tt 1 6 c t-otNT*K GUSHttteit/A^ir 

iaiaoS(cjiia*3i**i» /vf^KDfeiji^^t, '&ftizmBLtzzt*7Kt*> 
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ntf-gfc 
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2- 1 


2 * 
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2 6 


1 3 
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1 9 
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^9 .^if^tti-isjgjBteiftfttfews^xaic^ontr-atjit; 





















*f m 
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0 


6 0 
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2 0 
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1 


4 6 
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1 5 
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2 a 
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3 3 


1 8 


1 3 
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2 b 


2 


3 1 
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1 5 


5 
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2 9 


1 0 


1 6 
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4 a 


3 


2 2 


2 1 


1 3 
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4 b 


3 


4 8 


1 l 


1 6 


3 


5 a 


3 


2 6 


1 3 


1 7 


3 


5 b 


3 


3 6 


1 4 


1 7 


3 


5 c 


3 


2 4 


9 


1 7 


2 


6 


2 


4 7 


1 3 






7 


1 


5 6 


2 0 


14 


5 


8 


4 


4 5 


2 2 








1 


5 2 


1 8 


1 8 


2 


1 0 


4 


5 3 


1 0 






1 1 


2 


7 5 


1 5 


1 8 


2 


1 2 


3 


44 


7 


1 4 


6 


1 3 a 


2 


3 3 


1 8 


1 5 


5 


1 3 b 


2 


3 2 
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1 3 
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£9 











GUSM 










1 4 a 


1 


7 2 


2 0 


1 5 


5 


1 4 b 


1 


2 6 


1 4 


1 0 


1 0 


1 5 


1 ~ 2 


2 2 


7 


1 2 


8 


16a 


2 


3 1 


1 0 


1 5 


2 


1 6 b 


2 


3 2 ■ 


8 


1 4 


3 


16c* 


2 


6 9 


24 


1 3. 


7 


1 7 


6 


8 9 


4 1 






1 8 a * 


1 


3 5 


5 


1 5 


5 


1 8 b 


1 


7 0 


2 0 


1 0 


10 


1 9 


2 


4 7 


1 3 







( 1) h^^ant/ffaU 



h V^UUis&mkm, Fl (A188 x Black Mexican Sweet), Fl (A188 x B73Ht) 
. Fl (B73Ht x A188), Fl P3732 *ttmt LTMZLtz. A188, Black Mexican 

sweet, m\it(D^?n<D&g a mitmtt*m%£®%mw9imfr<b, ztz. P3732 
(2) £&&&®m%&<DMm 

. WMfcl:3®'lR&&. LS@ftigi& (Linsmaier and Skoog (D faffig. fc «fc t>* kf 2 
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^ ; Linsmaier, E. and Skoog, F. 1965; Physiol. Plant 18: 100-127, 10 
0 ng/ljfr-if S J Us 700 mg/l^ny >/20 g/lS/H©, 2.3 g/1 ? to 5 4 V) li 
«*Lfc. 25'C, H£HTT?4 0^^ fS^Lfctt^fcES^Sfflafc^fc 
ISO. 1 x 0.3 BUKDffl^SrejyffiLJKTCllKlc^Lfc. 

(3) *3»E***;wx©3HS 

LSDl. 5 (Linsmaier and Skoog ©&8Mfife J: Iffer* == > 

S. 100mg/l #if^y&, 700mg/l VDVX 1.5mg/l 2,4-D , 20g/l J/h8, 

(4) r^n^-fy 

5U6001 l:^L/:7^DA^f'J f LBA4404( P TOK232)fc«fctfEH 
A101(pIG121Hn)fc/B^fc. 

(5) T^DA^f'J f A&S}fflE©fSlg 

v\-f ifpv-f (50 mg/1 ) fc-*^-v-fS/> (50 mg/1 ) ZOztiA B^^jblr 
3-1 0HT&%mLfc7?aMf'})V&<Dau 

MlK^LjM&IEAAi&jfiKSJBU filt3~5x 1 09 jSam/m 1 (=P3IE 

(6) *k&&K®im^<D&& i%m&ft 

m V ttiLtztm* J} ? *ft;X*&M'&. ±&<DT7uA9 7- y * 3 ~ 1 

O^WLfe. HiW, 100 /tM7-bk>y^>, 20 g/1 S/a«, 1 
0 g/1 ^;l/3 — *fc#tH£jELS_@flc|Sifi (Linsmaier and Skoog 
Murashige and Skoog £>kf£ ^ >!g? ; Murashige, T. and Skoog, F. 1962; Phys 
iol. Plant. 15:473-497, 0.1 mg/1 1.0 og/l *-*f^y^, 2.3 

g/1 y;U5-fM CiiL, 25°C, fflTt 2~ 3 0R8ig*Lfc. 250 
mg/l-t7*^^ri/A$:^-^MM*T-»L, ffi&&<THz V * * * */ U fc-^fr L S 

(7) *>^/v<D&fg. 

7-t hS/y >rr>£-£&2N 6@fti£$ii«U 2 5°C, H£HT T* 3 0 ffl±ttf. 
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igUfcfcCfcofc. ?(D'&ij Jl7> £250mg/l * 9 *i/Jxt 

U m Mg.<D-tey* £*i'A;!3«fctf30ing/l/\-i' ^□v-f L S D 1 . 5 

(8) GUSS^CDiMlE^ffi 

( 9 ) mwm^<D&&*m* 

Gould €>0$£ (Gould J., et al. 1991; Plant Physiol. 95:426-434) 

iff &0 7^P/^f'Jf A^EHA101(pIG121Hm) & J&% L f:13I» f-M L , 
£:gL£Mf#T©GUSgi££gfSLfc. T^nAi'fyf^iliDl^T 

. L^U ^-O^SI*^ttfc*|fe#T?GUS?gftsgiSEtfci:w5, GUS3I 
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GUS &M<Dfrt>titz 
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1 6 
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■ 1 4 
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3 2 


1 4 
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3 0 
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ftKi&ati^-f ft* P 3 7 3 2 



(10) hV*unzs<D&m&£Vmim&iz£ZMte?mx®m<D&^ 

muLtz^n^ffamx^mm&X'GiJsmB^fDmm^^ntz, ehai o 

1 ( P IG121Hmh LBA4 4 0 4( P T0K232) ©®MT?©&£^§g3i»^<D3tt±g 

»bft4*>ofc (sio) . &a*;vx(c»-rsGus^fespfi[o^:&s=fe i o 

^f'J ?J*0)A-4i- \)^)?$ — p I Gl 2 1 Hmfcil/p T0K2 3 2(±GUS 
tgftbftfcGU Sme^O^li. T^DA^f'J 0 ACi yjgSSffiTjtg^ 

8M!Sre&3 4:#*.S>ftS. :nb0 3WV^ hT-^^co^^^^;uzl±Lupo 
tto (Lupotto, E. and Lusardi, M. C. 1988; Maydica XXXI 1 1 : 163-17 
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7 ) ii«t«jff^fcRril-e*«. 



HP® 




GUS+<a#;uxifc/M#;Uxifc (%) 


A188 


i 


32/35 


(91) 


A188 


i 


34/34 


" (100) 


A188XBMS 
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41/49 


(84) 


A188XB73 
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35/42 


(83) 


A188 
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39/40 


(98) 


A188 


2 


40/40 


(100) 


A188XBMS 
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38/40 


(95) 


A188XB73 
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31/40 


(78) 


B73 XA188 
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29/35 


(83) 



BMS: Black Mexican Sweet 

l:EHA101(pIG121Hra), 2:LBA4404(pT0K232) 



( 
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3 . m^^mm^ ^t^sto i 

D/^f l J')AllIi'C$)ot l Agrobacterium tumefaciens COT i 7*5X^ K 
pT i Bo 5 4 2<D7i frV>*ffii&&&<DDNAW\KZ$tt7°7K$ K£*A 

t 7 ^ n a o -r u 2±mmmx-& zm-&m i * ^ l 4 ^-r na> i ^ciats©*- 

Sc. 

6 . irSHDNABrttfc^t*^;^ K(±pT0R162 Xl4*©&»ttT?*Sit:££ 

5 iaiso^js. 

7. mt&TynW T" U •> AJS^fflMti, Agrobacterium tumefaciens Tr& -5 If 

8. lie»i:ffl^57^D/^T'J f ixJR«BM©«»ffi**l 06 ~i 0 

1 2 . t5IB^^fl^W^^WcoMia6^60^^T$)^f|^r| 1 
L l l <D^T l JgdlB^co^. 

1 3. %m&m*JE%*®ft*n£tZ&i]*GtZ&1&^&Zn&&l ^ 
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